We show, using the no-disentanglement theorem, that to teleport (exactly) any set of non-commuting states (i.e., a set containing at least two non-commuting states), it is necessary to have an entangled channel. We further show that to teleport any set of commuting states it is sufficient to have a classically correlated channel. Using this result we provide a simple proof of the fact that any set of bipartite entangled states can be exactly disentangled if the single particle density matrices of any one party commute.
of entanglement of the channel for exact quantum teleportation [2] . In this direction we first show that for universal teleportation, entanglement of the channel is necessary. Next we show that entanglement of the channel is necessary even to teleport any set of non-commuting states. These proofs are independent of any teleportation protocol. Then we provide a protocol by which any set of commuting states can be teleported through a classically correlated channel. This allows us to give a simple proof of the fact that the entangled states, whose reduced density matrices of one party commute, can be disentangled exactly.
We first provide a simple reasoning as to why entanglement is necessary for exactly teleporting an unknown qubit. Consider an unentangled channel between two distant parties, Alice and Bob. We want to teleport exactly an arbitrary state of a qubit from Alice to Bob through this channel. Now this qubit may be entangled with another qubit (with Charlie, say). Thus after teleportation any entangled state will be exactly disentangled as no entanglement can be created between Charlie and Bob by LOCC; but we know that universal exact disentanglement is not possible [3, 4] . So to teleport exactly a universal set of qubits, entanglement of the channel is necessary [5] .
We now show that for exactly teleporting any set of two non-orthogonal states, entanglement of the channel is necessary.
Consider, the following set of bipartite normalized states between Charlie and Alice,
where |0 , |1 are orthogonal states and |α , |β are non-orthogonal states. We first show below that the set F can not be exactly disentangled, in a similar fashion of Mor [4] . Let U be any unitary operator, acting on these states together with a fixed ancilla state |A , realising exact disentanglement of these states. So,
where the ancilla states should satisfy the following relation : A 0 |A 1 = 1 (for exact disentanglement). This will not change the entanglement of the (|0α + |1β ) at all. Hence the set F can not be exactly disentangled. This result shows that universal disentanglement is not possible. Interestingly, Mor [4] proved the same result using a set of four states, and conjectured that this result can be proved with fewer (i.e., less than four) states.
Consider an unentangled channel between two distant parties, Alice and Bob. We assume that any one of the states |α , |β can be teleported exactly from Alice to Bob through this channel. Then any mixture of P [|α ] and P [|β ] can also be teleported through this channel, as the channel keeps no imprint of the states |α or |β after their teleportation. So any state on Alice's side from the set F can also be exactly teleported through this channel. After teleportation, each of the states |0α , |1β ,
(|0α + |1β ) will be exactly disentangled, as no entanglement can be created between Charlie and Bob by LOCC; but as shown above, this is impossible. So to teleport exactly any two non-orthogonal states, entanglement of the channel is necessary.
Next we show that teleportation of any two non-commuting states also requires an entangled channel. We shall require the following lemma.
Lemma : The set S = {ρ 1 AB , ρ 2 AB } of two bipartite states, where at least one of them is entangled, can not be exactly disentangled by applying any operation on the side B, if the reduced density matrices on the side B do not commute.
Proof : As the reduced density matrices on the side B do not commute, there exist two non-orthogonal states |ψ and |φ , such that T r A (ρ
, where λ 1 = λ 2 , and at least one of them is different from both 0 and 1. Let U BM be the unitary operator acting on party B and an ancilla M, attached with B, realising the disentangling process. Then, after disentanglement, the joint state of the two parties A and B becomes ρ
being the initial state of the ancilla. As we demand exact disentanglement, we must have
Eq. (1) holds trivially, as no operation has been done on the party A. Eq.
gives
for (j = 1, 2). Eq. (3) will be satisfied if and only if
Unitarity demands that the ancilla states |M 0 and |M 1 should be identical. Hence none of the states in the set S will be changed (except a possible change in the identification of the particles) by this disentangling process. Thus the set S can not be exactly disentangled by applying the disentangling operation on B's side. 2 We now show that to teleport any set of non-commuting states, entanglement of the channel is necessary.
Suppose it is possible to teleport any one of a given set { ρ 1 , ρ 2 } of two non-commuting states through an unentangled channel. If both of the states ρ 1 , ρ 2 are pure, it has been shown above that they can not be teleported exactly through an unentangled channel. So we assume here that at least one of ρ 1 , ρ 2 is a non pure state. Since ρ 1 and ρ 2 are non-commuting, there uniquely exist two nonorthogonal states |ψ and |φ such that
where 0 ≤ λ j ≤ 1, λ 1 = λ 2 , and at least one of the λ j 's is different from both 0 and 1. Let us choose any two bipartite states ρ The obvious next question is whether entanglement of the channel is necessary even to teleport a set of commuting states. We know that, for teleportation of two orthogonal states, no correlation (quantum or classical) of the channel is required -a phone call is sufficient. Here we show that for teleportation of any set of commuting states, a classically correlated channel is sufficient.
Suppose that Alice has to send any one of the states from the largest set of commuting states {wP [|0 
Alice applies a discriminating measurement between the following two dimensional projectors:
. If P 1 clicks, the state of the whole system system becomes Here the following important points should be noted. First of all the channel between Alice and Bob has to be maximally mixed in the subspace spanned by { |00 , |11 } or { |01 , |10 }. Secondly, after teleportation the input particle's state on Alice's side is still wP [|0 ] + (1 − w)P [|1 ], which is highly in contrast with teleportation by a maximally entangled state in the protocol of Bennett et. al [1] .
Here one may note that this teleportation protocol is essentially a 1 → 3 broadcasting protocol [7] where the third particle is at a distant location. This can be easily generalised to a 1 → N broadcasting protocol by using the state One can now relate the teleportation channel with the set of states to be teleported in the following way: (1) For a set of orthogonal states (where cloning is possible), no correlation (quantum or classical) of the channel is required.
(2) For a set of commuting states (where no-cloning holds but broadcasting is possible), classical correlation of the channel is sufficient for teleportation. (3) For a set of noncommuting states (where even broadcasting is not possible), an entangled channel is necessary for teleportation.
Lastly we show that exact disentanglement of a set of states is possible when the reduced density matrices on one side are commuting 1 , without applying partial transpose operations. Let ρ AB be an entangled state from a set of states where all reduced density matrices on one side (say A) ρ A commute. The reduced density matrix ρ A can be transferred exactly to some distant party C through a classically correlated channel between A and C. Consider the state of the particles at B and C (say ρ ′ BC ) after this operation. ρ ′ BC is definitely disentangled, as otherwise entanglement can be created between distant parties through local operations and classical communication.
Recently some attempts had been made to understand whether quantum teleportation is essentially a nonlocal phenomenon [9, 10] . In particular, Hardy [10] has shown that, in general, teleportation is conceptually independent of nonlocality. To show this he constructed a toy model which is local and in which no-cloning holds, but still teleportation is possible. Then the question arises whether there exists a bipartite state (used as channel) in quantum theory which has a local hidden variable description but is still useful for teleporting a set of states which can not be cloned. In this letter we have shown that this type of scenario really exists in quantum theory. There is a set of states (any set of commuting states) which can not be cloned but can be teleported using a classically correlated channel, which obviously has a local hidden variable description.
We have also shown here (in a protocol-independent way) that in exact teleportation of any set of non-commuting states (where also no cloning holds), entanglement of the channel is necessary.
Based on the results, till found, one may be inclined to think that it is no-cloning in quantum mechanics which necessiates the use of entanglement in teleportation channel. But we see here, it is not true. Rather one can see that, noncommutativity plays the fundamental role in deciding the necessity of entanglement of the channel. This interplay between non-commutativity and entanglement in teleportation can further be exploited to probe the more difficult question as to whether quantum teleportation is a fundamentally nonlocal phenomenon.
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